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FOREWORD 

T h i s  Test Procedure and Test  Report is furnished t o  shaw 
compliance with Paragraph 1.2 and as supporting data for the 
Final Report, MCR-71-81 which was furnished i n  response to 
Psragreph 11.2 of Exhibit A of  Contract NAS8-25987. 
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1 .O In t roduc t ion  

The follawin@i r e p o r t  gives  the t e s t  procedures and r e e u l t s  f o r  

t he  Modulator, Demodulator and phase locked loops breadboard. The 

breadboard s u c c e s s f u l l y  passed a l l  t e s t s  as o u t l i n e d  i n  Sect ions 2.0 

t o  4.0 and as v e r i f i e d  by t h e  da ta  s h e e t s  i n  Sec t ion  5.0. Sect ion 6.0 

l i s ts  the  t es t  equipment used du r ing  t h e  tests. 

The Modulator w a s  t e s t e d  f i r s t  acco rd ing  t o  the  procedure o u t l i n e d  

i n  Sect ion 2.0.  Some parts of t h e  demodulator were used wh i l e  t e s t i n g  

the  modulator such as f i l t e r s  t o  provide c l e a n  s i g n a l s  and a balanced 

modulator fo a c t  as a phase d e t e c t o r ,  The phqae locked loops were 

t e s t e d  nex t ;  and then the  modulator,  phase locked loops and demodulator 

were connected as a system. The modulator and phase locked loops were 

then used t o  provide t h e  inpu t  s i g n a l s  f o r  t e s t i n g  of t h e  demodulator. 

2.0 Modulator Test  Procedures and Resu l t s  

2.1 D i s t o r t i o n  Products and N u l l  Voltages 

2.1.1 Procedure 

A.  

B.  

C. 

D. 

E. 

F. 

G .  

Uae t h e  t es t  c i r c u i t  shown i n  Figure 2.1 connected t o  
modulator 1. 

S e t  s i g n a l  generator  1 f o r  15 v o l t s  peak-to-peak (V p-p) a t  
16 Hz and s i g n a l  gene ra to r  f o r  15 V p-p a t  3 kHg, and s i g n a l  
gene ra to r  3 f o r  4 V p-p a t  200 kHZ. 
Sweep the  wave ana lyze r  from 2 kHZ t o  450 kHZ w i t h  t h e  wave 
ana lyze r  bandwidth a t  1 kHz and record output  amplitude ve r sus  
frequency on the X-Y r e c o r d e r .  

S e t  s i g n a l  generator  1 and 2 f o r  0 v and signal, gene ra to r  3 for 
4 v p-p a t  200 kHz and r e p e a t  C. 

Repeat B through D w i th  s i g n a l  generator  1 a t  3 k,Hz and 2 a t  
16 kHz. 

Repeat A through E a t  -20°C and a t  +8SoC. 

A l l  output  amplitudes from 2 kHz t o  216 kHz ahould be 50 db 
down from the  d e s i r e d  s idebands.  
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-- 

Generator 

_.--- 

Figure 2.1 

Test C i r c u i t  for Modulator D i s t o r t i o n  Products and Null Voltages 

2.1.2 Resul t s  

A l l  d i s t o r t i o n  products  and n u l l  voltageG were a t t enua ted  50 db 

o r  more. See Sec t ion  5 ,  Figures  5.1 through 5.9. 

NOTE: For comparison, t h e  above tes ts  were run  w i t h  64 k;HZ 
quadra ture  carr iers .  These output  frequency spectrums 
a r e  shown i n  Figures 5.10 and 5.11. 

2.2 Amplitude L i n e a r i t y  

2.2.1 Procedure 

A. Connect t h e  t e s t  c i r c u i t  shown i n  Figure 2.2 t o  modulator 1. 

B.  Se t  power supply (X i npu t )  t o  4- 4 V dc.  

C, See a i g n a l  genera tor  go 0, 1, 2, 3 ,  4 ,  5 ,  and 5.3 V RMS a t  
16 lcHz. Read and record  i n p u t  and output  vo l t ages  w i t h  
Fluke 9500A RMS vol tmeter .  

Repeat C w i t h  power eupply s e t  t o  - 4 V d e o  

Repeat A through E a t  -2OOC and a t  +8SoC. 

D. 
E. Repeat B ,  C ,  and D w i t h  t e s t  c i r c u i t  connected t o  modulator 2 .  

F. 

6. Maximum d e v i a t i o n  from b e s t  s t r a i g h t  l i n e  of modulator ou tput  

v o l t a g e  ve r sus  i n p u t  v o l t a g e  s h a l l  be 0.3% of full scale. 
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r -1 

Figure 2.2 

Test  C i r c u i t  f o r  Modulator Amplitude L i n e a r i t y  

2.2.2 R e s u l t s  

The measurements and c a l c u l a t i o n s  a r e  shown in Sect ion 5 ,  

Tables5.1 through 5.3. The s t r a i g h t  l i n e  used f o r  l i n e a r i t y  comparison 

is drawn through t h e  o r i g i n  (0,O) a t  a s l o p e  c a l c u l a t e d  from the two 

maximum read ings .  The maximum d e v i a t i o n  from t h e  s t r a i g h t  l i n e  is less 

than 0.3% of f u l l  s c a l e .  

2.3 Input  Impedance 

2.3.1 Procedure 

A .  Connect a 50 ohm s i g n a l  generator  through a Iik 1% resistor t o  
t h e  modulator 1 Y inpu t  and s e t  t h e  Bignal gene ra to r  f o r  1 
V RMS a t  16 kHz. 
Measure t h e  inpu t  v o l t a g e  a t  the  Y i n p u t .  B. 

C ,  Repeat A and B for  modulator 2 .  

D. Repeat A through C f o r  t h e  X i n p u t  w i t h  t h e  signal gene ra to r  
s e t  f o r  1 V RMS a t  200 kHz. 

E .  The v o l t a g e  r ead ings  f o r  a l l  cmes should be 11’2 t h e  gene ra to r  
v o l t a g e  o r  g r e a t e r .  
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2 -3.2 Reeul ts  

Table 2.1 Input  Impedance Data 

Modulator i npu t  impedances are g r e a t e r  than 5 K ohms, 

2 . 4  Output Impedance 

2,4.1 Procedure 

A. Connect a s i g n a l  genera tor  t o  t h e  modulator X1  i n p u t  and s e t  

B .  

C. Connect a 90.9 ohm, 1% r e s i s t o r  between t h e  summing a m p l i f i e r  

D. The r ead ing  i n  s t e p  C s h a l l  be  360 mV RMS or  g r e a t e r .  

t h e  genera tor  output  t o  1.5 V RMS, 200 kHz, 

Apply a dc v o l t a g e  t o  t h e  Y 1  i npu t  and a d j u s t  u n t i l  t h e  modulator 
summing a m p l i f i e r  output  is 400 mV RMS. 

output  and ground and record  t h e  new ou tpu t  v o l t a g e .  

2.4.2 Resu l t s  
Unloaded ou tpu t :  0.400 V RMS 

Output loaded w i t h  90.9 ohm: 0.399 V RMS 

Ougput impedance is less than 10  ohms, 

2 , 5  Phase Slope 

2.5.1 Procedure 
A. Use tes t  s e t u p  as s h m  i n  Figure 2.5 w i t h  t h e  s i g n a l  connected 

B. With swi tch  A i n  p o s i t i o n  1 and swi tch  B i n  p o s i t i o n  2 a d j u s t  

t o  t h e  i n p u t  of  modulator 1. 

V, t o  600 mV RMS a t  200 kHz and record V, VM and f i l t e r ed  

f" dd output  V 

vc = 600 m v  RMS, a d j u s t  t h e  dc modulator input  u n t i l  VM has t h e  

same va lue  as i n  s t e p  B .  

C. With swi tch  A i n  positjton 1 and swi tch  B i n  p o s i t i o n  1 keeping 

Record f i l t e r  ou tput  vfa 
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D .  Calculate the modulator phase l a g ,  

E .  Repeat csteps A through D a t  100 kHz and 50 kHz. 

F. Repeat s t e p s  A through D for modulator 2 .  

G .  

H. 

Repeat s t eps  A through F at -20' C and a t  +8SoC. 

Modulator phase s lope  s h a l l  be ].inear t o  within  f 1' from 1 to 
200 kHz . 

I 
I 
I I 

'1 
I 
I 

' I  

Figure 2,5 

Test Circui t  for  Modulator Phase Slppe, 
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he  t e s t  t o o l  i s  a balanced modulator used 
a8 a phase d e t e c t o r .  The phase d e t e c t o r  ou tput  vo  
versue  phase d i f f e r e n c e  is  a s i n  func t ion  and t h e '  
r ead ing  i n  s t e p  B BhouJd correspond t o  t h e  maximu 
d e t e c t o r  ou tpu t  (0 , 0 ); however, t h i s  r ead ing  inc ludes  
t h e  phase s h i f t  of t he  modulator and t h e r e f o r e  t h e  Vf i n  

s t e p  B mus t  be co r rec t ed  a t  each tes t  frequency t o  allow 
f o r  t h i s .  
s h i f t  w i t h  swi tch  A i n  p o s i t i o n  2 a t  each t e s t  frequency, 
The wave ana lyzer  i s  used t o  a d j u s t  f o r  minimum c a r r i e r  
feedthrough p r i o r  t o  each reading .  Also the  d c  suppl  
pug t o  t h e  modulator i s  reversed  a t  each r ead ing ,  and t h e  
average Vf read ings  a r e  used t o  compensate f o r  t h e  phase 
d e t e c t o r  and t h e  a m p l i f i e r  o f f s e t s .  

The phase s h i f t e r  i s  ad jus t ed  f o r  90' phase 

2.5.2 Resu l t s  

llhe phase s l o p e  of t h e  modulator i s  l i n e a r  t o  w i t h i n  It loe See 

Table 5,4 and Figure 5,12. 

2.6 Frequency Response 

2.6.1 Procedure 

A .  

B. 
C. 

D. 
E. 

F. 

6 .  

N. 

I. 

Use tes t  se tup  shown i n  Figure 2.6 w i t h  modulator 1. 
Set: puwer supply t o  -!- 7.5 V d c  (Y i n p u t ) .  

Se t  wave ana lyze r  output  t o  4 V p-p and sweep t h e  frequency 
from 2 lcHz t o  200 kHz. Record t h e  modulator ou tput  on t h e  
X-Y r eco rde r  s e t  t o  1 db/div.  

Repeat s t e p s  A through C w i t h  modulator 2. 

The modulator X input: ga in  s h a l l  be  f l a t  t o  w i t h i n  0.1 db 

Connect t h e  power supply t o  the X i n p u t  of  modulator 1 and t h e  
wave ana lyzer  ou tput  t o  the Y i npu t .  
t o  - 4 Vdc and modulator Y i npu t  t o  15 V p-p. 

Sweep t h e  frequency from 100 Hz t o  16 kHz. Record t h e  modulator 
outpuk, on t h e  X-Y r eco rde r  s e t  t o  1 dbld iv .  

With t h e  setup a e  i n  F, se t  t h e  wave ana lyze r  t o  250 Hz and 
measure t h e  X input  and modulator ou tput  w i t h  a Fluke 9500A 
RMS d i g i t a l  vo l tmeter  and c a l c u l a t e  t h e  modulator gain.  
a dc power supply  t o  t h e  modulator X .Input and set  t o  f 7.5 V d 
and then - 7.5Vdc.  
and calculate t h e  ga in .  

Repeat F through H f o r  t h e  modulator 2. 

from 2 kHz t o  200 kHz. 

S e t  t h e  power supply  

Connect 

Measure t h e  X inpu t  and modulator ou tput  
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Y. The modulator input gain sh 11 be f l a t  to  wi th in  0 . 1  db 

K ,  

from dc to 16 
Repeat A through I a t  -2OOC and 4- 85'C. 

Figure 2,6 

Test Setup for Modulator Frequency Reaponoe' 

2 . 6 . 2  Results 

The frequency response of the modulator X and Y inputs is flat 
See Table 5 .5  and Figures 5.13 and 5.14. w i th in  0.1 db. 
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3.0 Demodulator - Test  Procadures and Resul t s  

3.1 Dis to r t ion  Products and Null  Volta 

3.1.1 Procedure 

A .  

B. 
c, 

D. 

E. 

F. 

G .  

II 

I, 

3, 

K, 

t, 

Use t e s t  c i r c u i t  shown i n  Figure 
64 Idlz and demodulation t r a n s l a t i o n  frequency of 256 kHze 

Se t  signal genera tor  2 t o  15 V p-p a t  16 kH%, 
Adjust  t h e  phase of  t h e  64 kHz 8 %  
through a t  demodulator ou tput  1 

A d j u s t  t h e  phase of the  90' phase s h i f t e r  i n  t h e  demodulator t o  
minimum 16 ktIz feedthrough a t  demodulator ou tput  2 e 

Sweep wave ana lyzer  a t  ou tpu t s  1 and 2 from 500 Nz t o  22 kHz with  
t h e  wave ana lyze r  bandwidth a t  100 Hz and record  output  v o l t a g e s  
versus  f requency on t h e  X-Y r eco rde r .  

Repeat B through E w i t h  s i g n a l  ene ra to r  1 a t  2.5 kHz and signal 
genera tor  2 a t  16 kHz. 

All Output ampli tudes s h a l l  be  dawn 50 db or more from t h e  
des i r ed  audio  s i g n a l s .  

Se t  signal genera tor  2 t o  15 V p-p a t  2.5 kHz, and s i g n a l  
genera tor  1 (wave ana lyze r )  t o  15 p-p a t  1 kHz and a d j u s t  
phase for ma$mum quadra ture  suppress ion  of 1 krHz i n  t h e  
demodulator 0 CH, Sweep frgquency of wave ana lyzer  from 500 
H3, and record  demodulator 0 

Repeat s t e p  H w i t h  quadra ture  suppress ion  ad jus t ed  a t  4,8 
and 16 kHz. 
Se t  s i g n a l  genera tor  1 t o  15 Vp-p a t  2.5 Wz and s i  
genera tor  2 (wave ana lyze r )  t o  15 V p-p a t  1 lewz and 
phase f o r  maxiBum quadra t ive  suppress ion  of 1 kH 
demodulator 90 CH. 
500 Uz9 and record  demodulator 90°CH output  on X-Y r eco rde r .  

Repeat: s t e p  1 w i  h quadra ture  suppress ion  ad jus t ed  a t  4, 8 

3 .1  w i t h  channel f requency o 

a1 f o r  min imum 1 kHz feed-  

CH output  on X-Y recogder .  

Sweep frequency of  wave ana lyzes  from 

and 16 ~ H Z .  

SO db o r  g r e a t e r ,  
flraa euppress ion  a t  t h e  ad jus t ed  frequency a l t a l l  be 

3.1,2 Resu1.t~ 

Di s to r t ion  Products and Null  Voltages and Quadrature feedthrough 

r e  a t t enua ted  by 50 db o r  more. See Figures  5.15 th rou  
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ude L i n e a r i t  

A. With t e s t  s e t  up as e t  &pal gene tor 1 t o  0, 1, 
2, 3 ,  4, 5 and 5.3 V t 16 Ma. Se t  si 
2 t o  ze ro  v o l t s .  

ou tput  1 w i t h  vo l tme te r .  
cord output  v o l t a  n a l  genera tor  L and dernodulat 

o l t e  s e t  slignrl genera tor  
and record  output  v o l t a g e  
t o r  ou tpu t  2 w i t h  Fluke 9 

RMS vol tmeter  e 

D. urn d e v i a t i o n  from bee t  s t r a i g h t  l i n e  of demodulator ou tpu t  
ge ve r sus  s i g n a l  genera tor  output  v o l t a g e  s h a l l  be l e s a  

than  0.3% of f u l l  s c a l e .  

3.2.2 Resul t s  

D e ~ Q ~ u l a t o ~  ~ r n ~ l ~ t ~ d e  1 B b e t t e r  than  0.3% of f u l l  s c a l e .  

3.3 Input  Impedance 

3.3.1 Procedure 

A. Connect a 50 ohm si ene ra to r  through a 5k ohm, 1% r e -  
s i s t o r  t o  t h e  demod 
f o r  1' V RMS a t  200 W Z .  

a t o r  i npu t  and s e t  t h e  s i g n a l  genera tor  

B ,  Measure t h e  input  v o l t a g e  a t  t h e  demodulator i npu t .  

C. The v o l t a g e  r ead ing  in B eh 11 be 1/2 t h e  signal gene ra to r  
v o l t a g e  o r  g r e a t e r .  

3.3.2 Resu l t s  

S igna l  genera tor  ou tpu t :  

Modulator i npu t :  

n 

1.02 v RMS 

0.579 V RMS 
6.65 K 

u s t  signal gen 
t o r  ou tpu t  1 a 

B, Connect ca from each of t h e  
e new ou tpu t  v o l t a  

e a t e r  than  90 ynv KMS, 



Table 3.1 Output Impedance Rata 

Output unloaded (mV RMS) 

Output impedances are  amaller  than  10 ohms. 

3.5 Frequency Response 

3.5.1 Procedure 

A, 

B. 

6 .  

D. 

E. 

P, 

G .  

With tes t  s e t  up as i n  3 .1  se t  s i g n a l  genera tor  2 to  zero  v o l t s  
and s i g n a l  genera tor  1 (wave ana lyze r )  t o  1 V RMS. 
Sweep frequency of wave ana lyzer  from 700 hZ t o  16 kHz and 
record  demodulator output  1 and s i g n a l  genera tor  1 output  
v o l t a g e s  on X-Y r eco rde r .  
w i t h  Fluke 9500A HMS meter and c a l c u l a t e  ga in ,  

S e t  s i g n a l  genera tor  1 t o  ze ro  v o l t s  and s i g n a l  genera tor  2 
(wave a n a l y z e r )  t o  1 V RHS. 
Sweep frequency of  signal genera tor  2 from 700 HZ t o  16 kHz 
and record demodulator ou tput  2 and s i g n a l  genera tor  2 ou t -  
pu t  vo l t ages  on X-Y r eco rde r .  A t  0.7 kHz measure output  
vo l t ages  w i t h  Fluke 9500A HMS meter and c a l c u l a t e  ga in .  

Replace s i g n a l  generator  1 w i t h  a dc power supply.  
genera tor  2 a t  ze ro  v o l t s  s e t  t h e  dc supply  t o  +1,4 V dc  and 
then t o  -1.4 Vdc,  measure d c  ou tput  a t  demodulator ou tput  1 
and c a l c u l a t e  ga in .  

Repeaat: s t e p  E w i t h  s t p a l  gene ra to r  2 rep laced  by t h e  dc  power 

The frequency response s h a l l  be  f l a t  t o  w i t h i n  0.1 db from dc  
t o  16 ldiz, 

A t  0.7 kHz measure output  vo l t ages  

Wath s i g n a l  

supply 0 

The response s h a l l  be darn  50 db a t  48 kHz, 

3,5.2 Resul t s  

The demodulator frequency response i s  f l a t  t o  w i t h i n  0.1 db.  

See Table 5.7 and Fi iires 5.21 and 5.22, 



Response, L i n e a r i t y  and Phase J i t t e r .  

4.1.1 Procedure 

A ,  Use test  s e t  up shown i 

B ,  Open loop on CO 2 s o  t h a t  VCO 2 . i ~  unlocked. VCO 2 now 
become s the  r e f e r e n c e  p i l o t  s i g n a l  f o r  VCO loop 1. 

C, With wave ana lyze r  s e t  at 500 Hz, bandwidth a t  100 Hz a d j u s t  
frequency of VCO 2 f o r  a frequency d i f f e r e n c e  of 500 Hz be- 
tween VCO l and VC02. The ou tpu t  of t h e  c a l i b r a t i o n  a m p l i f i e r  
as read by t h e  wave ana lyze r  should now be maximum.o (The 
c a l i b r a t i o n  a m p l i f i e r  now r e  d s  phase e r r o r  w i th  90 
S e t  t he  wave ana lyze r  and X-Y r eco rde r  f a r  0 db r e f e r e n c e .  
Readjust  t he  frequency of VCO 2 u n t i l  loop 1 phase locks in 
t h e  c e n t e r  of i t s  locking range.  Inc rease  t h e  wave ana lyze r  
ou tpu t  amplitude u n t i l  VCO 2 i s  frequency modulated 2 1% 
(measure wi th  o s c i l l i o s c o p e )  . 

- 0 db) ,  

D, S e t  t h e  wave ana lyze r  BW t o  10 IIz and sweep t h e  frequency from 
30 Hz t o  1 kHz and record on t h e  X-Y recorder. 

E ,  Repeat s t e p s  A through D u s ing  loop 2 as t h e  phase locked loop 

F, Phase e r r o r  from 30 Nz t o  500 Hz should be down 50 db or  more 

G ,  Lock both VCO loops t o  t h e  r e f e r e n c e  p i l o t  from t h e  r e f e r e n c e  

and loop 1 as t h e  p i l o t  FM r e f e r e n c e .  

r e l a t i v e  t o  t h e  0 db relEerence from s t e p  C. 

o s c i l l a t o r .  With t h e  wave ana lyze r  bandwidth s e t  t o  1 kHz, 
record t h e  spectrum of both the  320 kHz and 256 MIz d i v i d e r  
cha in  ou tpu t s  on the  X-Y r eco rde r .  

N. A l l  spu r ious  o u t p u t s  below the d e s i r e d  frequency (320 kHz or 
256 kHz) should be down 50 db o r  more from t h e  d e s i r e d  frequen 

4.1,2 R e s u l t s  

The phase e r r o r  b e l  500 Hz is below 50 db. See Figures  5.23 

and 5.24. Spurious ou tpu t s  from t h e  loops re down 50 db o r  more. See 

Pigures 5.25 and 5,26. 

4.2 Frequency S t a b i l i t y  Frequency P u l l i n g  Range) 

4 .2 , l  Procedure 

A ,  

B, Connect a frequency counter  t o  t h e  128 kHz loop ou tpu t  in LC-VCO 

Use Lest s e t  up e h w n  i n  Figure 4. 

I L I -- .I 
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4 .2 ,2  Results 

Tab 1 

The p u l l i n g  range i s  greater than ;t; 1,003%, 
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CH 

I__L_I_ 

O0 

1__1 

goo 

1 

9 

4-4 .ooo 

4-4 .ooo 

i 
-4.000 

Input 

5.307 
4.998 
4,000 
2.995 
1.993 
1.000 

0 

2.006 
2.998 
4 .OOO 
5.007 
5.307 

.9995 

5,300 
5,007 
3.996 
3.009 
2.009 
.9962 
0 
1.000 
1.994 
2.996 
4.009 
5.004 
5.302 

Output 
(Vm.3)  

,8263 
,7782 
,6236 
,4672 
,3108 
1560 
,000 
,1553 
,3129 
.4676 
,6238 
.7 807 
,8272 

,8243 
.7783 
,6195 
.46 83 
,3122 
.1547 
.ooo 
,1555 
.3 103 
.4660 
.6239 
.7777 
,8247 

Calculated 
Straight Lin  

(VRNS) 

.a267 5 

.62314 
,46658 

,15579 
0 

,15571 
,31250 
A6704 
.62314 

,82675 

.77a6i 

. 3  1048 

.7 a002 

.82434 

.77877 

.62153 

.46801 

.31247 

.15495 

.15554 

.3 1014 
,46599 
,62355 

82466 

0 

. X.  

Dev ia ti on 
( V W S  1 

1_ 

14 8 

:48 

- .0005 - .0004 
+,0005 
+.0006 
+.0005 
4- *0002 

e 000 
+.0002 
+. 0004 
+.0006 
+.0007 
+.0007 
+ ,0004 

.oooo - .0005 - ,0020 
+.0003 - .0003 
.. ,0003 
00 

.oooo 
+.0002 

.oooo 
+.0004 - 0006 

.oooo 
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CH 

- 
O0 

3 

9oo 

goo 1 

le 5 ,2  Modul , +85OC 

5.308 
4.995 
4 .OO 
3 .000 
2.007 
9967 
0 

m 997 
1.996 
2.997 
4 .OOO 
4.999 
5.306 

+4 .OO( 5.306 
4 e 999 
4 .OOO 
3.006 
1.996 
.9962 
0 
999 

1 1.996 
2.996 
3.996 
5 A06 
5.303 

Calculated 

e 7699 
-6174 
.4619 
.3095 
1536 

.ooo 
* 1538 

,6174 

,8188 
.7705 
,6180 
.4628 
.3096 
,1537 

.1538 

.3079 
,4623 
.6 170 
,7711 

0 

.ai85 

--__t_____ 
.E3163 
-7694 
e 6 146 
.4629 
.306 .. 1533 
d 000 
1540 
.3077 
,4616 
,6156 
.7909 
.a162 

.ai648 

.76924 
,61552 
.46256 
,307 14 
a 15329 
0 
,15372 
307 14 
.46102 
e 6 1490 
,77032 
.E31602 

- ,0006 - ,000 
" ,000 - .000 - .QOO1 - .oooa 
,000 
,0000 

+ ,0001 
+ .0002 
+ .0004 
+.0006 
+. 0006 

- ,0002 
+ . 000 - .ooo 
+.ooo - .ooo 
,000 
* 000 

+.ooo 
+* 000 
+.ooo 
+ . 000 
+,ooo 
+.ooo 



CH 

I_ 

Oo 

O0 I 
goo 

goo 

c_c_ 

Pnput 

+4,000 

-4 I .ooo 

I 
+4 .ooo 

-4. ooc 

Input 
(VMS) 

5.301 
4 992 
4.003 
3 .QOO 
2 .ooo 
1.008 
0 
998 

2.001 
2.997 
3.997 
5 -000 
5.307 

5.296 
4.992 
4.002 
2 e 991 
1.992 
1.005 
0 
.998 

2 A06 
3.004 
4 .ooo 
4,993 
5.302 

Calculated 
Straight  Line Output ; 

.831 

.783 

.627 
,470 
.314 
a 158 
11 000 
e 156 
.313 
.4685 
,625 
.782 
829 

.830 

.783 
,628 
.469 
.313 
.1575 
.ooo 
,156 
.314 
.470 
.627 
.781 
a 829 

.8300 
,7816 
.6268 
,4697 
.3131 
.1578 
0 
,1563 
,3133 
,4693 
.6258 
,7829 
.8300 

,8290 
,7814 
.6265 
.4682 
,3118 
,1573 

,1562 
.3 140 
.4702 
.6262 
.7816 
,8300 

0 

0.3% Max, 

(VRMS 1 
Dev la t i o n  

- +.00248 

v 

- + 00248 

+.OOt 
+.0014 
+.0002 
+ .0003 
+.0009 
+,0002 
,000 - .0003 - .0003 - .0008 - .0008 - .0009 - .001 

+.001 
+,0016 
+.0015 
+,0008 
+.0012 
+ 0002 . 000 - .0002 
* .oooo - ,0002 
+ .ooo - .0006 
.- .001 



1 

P 

L_.- -.-  

200 

200 

100 

100 

50 
SQ 
200 

200 

100 

100 

50 
50 

200 

200 

100 

100 

50 

50 

.6013 1.0596 

1,0596 

1.0680 

1.0680 

1 .On5 

1.0215 

1.0257 

1,0257 

1.0215 

1.0215 

1.021 

1.021 

1.0298 

1.0298 

1 A255 

1,0255 

1,020 

1.020 

c 

V€b 
1 rn’rdc 1 

-c -- 

1016,2 

1035.5 

1035,5 

997.5 

997 * 5 

983.9 

983.9 

987.1 

987 1 
998.0 

998 .o 
989.7 

989,7 

992.6 

992.6 

996.2 

996,2 

%c 
(mVd c) 

104.9 

103.2 

54.6 
54,L 
25,6 

25.4 

108 00 

104 e 8 

52.6 

51.5 

28.2 

27.6 

93.1 

96,2 

48.2 

49.6 

25.3 

26.2 

NOTE: 1, Hax readings Vpb a l e  ~ o ~ ~ e n ~ a ~ e d  t o  

shift per note  in 2,5,1, 
2.  Both Vfb amd V are  averaged f o r  modulator p o s i t i  

€C 

DC input  vo l t a  e per  note  i n  2.5.1. 



b l e  5.5 ~ o d 1 ~ 1 ~ ~ 5 ~  Frequency Reeponee, YcInputs 
Y-Xnput: AC Gain a t  250 hZ 

I 

goo -20 

+25 
+8 5 

-20 
+2 5 

4-8 5 

CH 

goo 

Temperature 
OC 

-20 
-20 

+25 

+2 5 
+85 
+8 5 
-20 

-20 
+2 5 
4-25 
+8 5 

+85 

5.246 

5.280 

Y-Input DC Gain 

X 
v 

-3.995 

Voue 
(VWM5) 

.820 
e 820 
.806 
e 827 

.825 

.815 

i n  

1.563 
1.563 
1.537 
1.565 

1.560 
1.545 

1 
1 

1 

+.991 
-.965 
+,987 

- .957 
+.976 
a.942 

+.990 

-.959 
+ ,989 
- .968 
+.978 
- 0 955 

4-6.211 

-6,211 
4-6 224 
-6.224 

+6.220 
-6.220 
+6,211 

-6.211 

+6.224 
-6.224 

4-6.270 

-6 (I 220 

I 1 
1.573 

1.563 

1 e 540 

1.568 

1.570 

1 @ 554 

19 
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ac Gain a t  700 lilz 
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6 .O Test Equipment 

The t e s t  equipment: i s  given i n  Table 6.1 
Table 6.1 Test Equipment 

Cal ibra t ion  
Due Deacr i p t i o n  Model No. I d e n t i f i c a t i o n  

Wave Analyzer Hew l e t  t -Paelcard 3 590A E4520777 06/12/71 
RMS Dig i t a l  Fluke 9 500A E4526403 04/01/71 
Voltmeter 

D ig i t a l  Volt- Dana 5400 E4521647 03 /10/7 1 
meter 

ide  Range Hew 1 e t t -Packar d 200CD ME 104466 06/04/7 1 
Osc i l l a to r  

Low Frequency Hew 1 e t t -Pac kard 202c 134500 5 62 08/04. /7 + 
Oac il l a t  or 
X-Y Recorder Hewlett -Paelcard 7 00 5B E Q5 2 87 7 8 06/12/7 1 

HF VCG Generator Wavetek 142 E4529438 03 103 17 1 



Audio Input: 90°CH - 15 V p-p a t  16 kHz 
OOCH - 15 V p-p a t  3 kHz 

Carr ie r  Input: 90°CH - 4 V p-p a t  200 kHZ @ 
OOCH - 4 V p-p a t  200 kHz e 

---e- 

Figure 5.1 

Modulator Output Frequency Spectrum, 25OC 



- Audio Input :  90°CH - 15 V p-p a t  16 MIz 

O°CH - 15 V p-p a t  3 kHz 
Carrier I n p u t  90 0 CH - 4 V p-p a t  200 kHz 1:' 

- 
OOCH - 4 V p-p a t  200 kHz Eo 

----.--- 

Figure  5.2 

Modulator Output Frequency Spectrum, -2ooC 



Audio Inpu t :  90°CH - 15 V p-p a t  16 kHz 

O°CH - 15 V p-p a t  3 kHz 

Carrier I n p u t :  90°CH - 4 V p-p a t  200 kHz bo 
O'CH - 4 v p-p a t  200 mz k0 

Ffgure 563 
Modulator Output Frequency Spectrum, +85 C 



Audio Inpu t :  90°CH - 15 V p-p a t  3 kHz 

OOCH - 15 V p-p a t  16 kHz 

C a r r i e r  Input :  90°CH - 4 V p-p a t  200 kHz ko 
OOCH .. 4 V p-p a t  200 kHz eo --t 

Figure 5.4 

Modulator Output Frequency Spectrum, 25OC 



Audio Input  : 90°CH - 15 V pap a t  3 kHz 
OOCH - 15 V p-p a t  16 k H z  

Carrier Inpu t :  90°CH - 4 V p-p a t  200 H z  

O'CH - 4 R p-p a t  200 kHz 
- 

---.-- 
Figure 5.5 

Modulator Output Frequency Spectrum, -2OOC 



.- 

. .. - 

Carrier I n p u t :  90°CH - 4 V p-p a t  200 k H z  k0 
OOCH - 4 V p-p a t  200 k H z  ko 

, 1 €VEL 

' - CHAN/vEh D,4 7-/r 
-----i- 

Figure  5 . 6  

Modulator  Output  Frequency Spectrum, 485OC 



--I c 

-2 c 

-3c 

-4( 
db 

-5c 

-6C 

-7c 

-8C 

-9 

I 

--I-- 

_. 

_I 

- 

I-- 

--. 

I 
90°CH - ZERO Audio Input :  

o 0 CH - Z E R ~  - 
C a r r i e r  Input :  90°CH - 4 V p-p a t  200 k H z  

OOCH - 4 V p-p a t  200 k H z  IOo - 
0 db r e f e r e n c e  as i n  5.1 

300 

L 

Figure 5.7 

Modulator Null  Voltages,  25OC 



3 0  

too 

Audio I n p u t :  9O0CH - ZERO 

OOCH - ZERO 

Carrier I n p u t :  90°CH - 4 V p-p a t  200 kHz 

OOCH - 4 V p-p a t  200 kHz 
@ 

0 db r e f e r e n c e  as i n  5.2 

F igure  5 .8  0 

Modulator N u l l  Vo l t ages ,  -20 C 



c 

-/C 

-2 c 

-3c 

-4( 

-5c 

-6C 

-7c 

-8C 

-9 c 

db 

90°CH - ZERO 

O°CH - ZERO 

Audio Inpu t :  

Carrier Input :  90'CH - 4 V p-p a t  200 kHz 

OOCH - 4 v p-p a t  200 l c ~ z  

0 db  r e f e r e n c e  as i n  5.3 

Yo0 

Figure  5.9 

Modulator  N u l l  Vo l t ages ,  +85OC 



Audio Inpu t :  90°CH - 15 V p-p a t  16 k H z  

O'CH - 15 V p-p a t  3 k H z  
-- 

Carrier I n p u t :  90°CH - 4 V p-p a t  64 k H z  190' 
I 

OOCH - 4 V p-p a t  64 kHz 2 7 

a00 

Figure  5.10 
Modulator  Output Frequency Spectrum, 25OC 
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Audio Input: 90°CH - ZERO 

--.. _ L  OOCH - ZERO 

C a r r i e r  Input: 90°CH - 4 V p-ps a t  64 k H z  

OOCH - 4 V p-ps a t  64 k H z  @ 

300 , 

/o F- REQ k E V€L 
-_I-..?L*- CHANNEL DA TE 

Figure 5.11 

Modulator Null Voltages, 25OC 



Figure No. 532 



3 

E 
I \ -- 

U3’  6 

! . I .  

9O0CH Vx = -3.995 V d c  
I 

Vy = 5.246 V RMS 

OOCH Vx = -3.995 V dc 

vy = 5.280 v RMS 

.... ” .. 

1_1-- 

I_......._ 

c Gain Scale:  1 db ld iv  

/ 6  20 

10 F- HEQ / €VEL 

Figure 5.13 
Modulator Frequency Response Y-Inputs 



- 90°CH Vy = 11.400 V RMS 

vX = d-7.505 V dc 

O°CH Vy = 1.400 V RMS _- 

Vx = 4-7.505 V d c  

Gain Scale:  1 idb/div 

Figure 5.14 
Modulator Frequency Response X-Input 
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Modulator  Inpu t :  

Audio : 9 0 ° C H  - 15 V p-p a t  16 k H z  - 
OOCH - 15 V p-p a t  2.5 k H z  

Carrier : 90°CH - 4 V p-p a t  64 kHz 90' 

O°CH - 4 V p-p a t  64 k H z  0' __ 

Demodulator o u t p u t  0 d b  r e f e r e n c e  = 10 V p-p 

A 0  F- REG? L E VETL --- 

Figure  5.1 
Demodulator D i s t o r t i o n  Products  an  
N u l l  V o l t a g e s ,  OOCH 



@, 7 
" (  - 

I I 
- __." 

90 'CH - 15 V p-p a t  16 kHz 
- . -""- O'CH - 15  V p-p a t  2.5 kHz 

Carrier : 90 'CH - 4 V p-p a t  64 kHz 90' 

O°CH - 4 V p-p a t  64 kHz 0' 

Figure  5.16 
Demodulator D i s t o r t i o ?  P roduc t s  
and Nul l  V o l t a g e s ,  90 CH 



F i g u r e  5.17 
Demodulator D i s  tor t i g n  P r o d u c t s  
and N u l l  V o l t a g e s ,  0 CH 



Figure  5.18 
Demodulator D l s t o r t i o z  P roduc t s  
and Nu l l  Vo l t ages ,  90 CH 



I 

i 

Demod u l a  t o r  Quadra ture  Fi feed  u r e  thr 5.19 oug' 

0' CH 



Figure 5.20 
Demodulator Quadrature Feedthrough, 
90°CH 



Figure  5.21 
Demodulator Frequency Response 



-. .- . 

1,008 V RMS 
4 V p-p a t  64 kHz (Oo, 90°\ 

Figure 5.22 
Demod u l a t  or Frequency Res pons e 
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Figure 5.23 
320 kHz Phase Locked Loop 
Tracking Response 



1 

Figure 5.24 
256 k.Hz Phase Locked Loop 
Tracking Response 



Figure 5.25 
Frequency Spectrum of 320 kHz Output 



Figure 5.26 
Frequency Spectrum of 256 ldIz Output 


